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(54) Process for producing a semiconductor thin film with a bonding and separating steps, solar 
cell fabrication and anodizing apparatus 


(57) In a process lor producing a semiconductor 
member, and a solar cell, making use of a thin-film crys- 
tal semiconductor layer, the process comprises the 
steps of: (1 ) anodizing the surface of a first substrate to 
form a porous layer at least on one side of the substrate, 
(2) forming a semiconductor layer at least on the sur- 
face of the porous layer. (3) removing the semiconduc- 
tor layer at its peripheral region, (4) bonding a second 
substrate to the surface of the semiconductor layer, (5) 
separating the semiconductor layer from the first sub- 
strate at the part of the porous layer, and (6) treating the 
surface of the first substrate after separation and 
repeating the above steps (1) to (5). 

This process enables separation of the thin-film 
semiconductor layer at a small force while causing less 
cracks, breaks or defects to be brought into it and can 
manufacture high-performance semiconductor mem- 
bers and solar cells in a good efficiency. 
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Description 


BACKGROUND OF THE INVENTION 
5 Field of the Invention 

(0001 J This invention relates to a method of separating a semiconductor thin film deposited on a porous layer, a 
process for producing a semiconductor member, a process for producing a solar cell formed of a thin-film single crystal 
layered on a low-cost substrate, and an anodizing apparatus used in these. 

w 

Related Background An 

[0002] A technique is known in which a thin-film semiconductor layer is formed on a porous layer formed at the sur- 
face portion or layer of a semiconductor substrate and thereafter the semiconductor layer is separated at the part of the 
15 porous layer. As a separation method, used is a chemical method making use of etching or a physical method of caus- " 
ing ultrasonic waves or force such as tensile force to act on. 

[0003] With regard to the physical method, Japanese Patent Application Laid-Open No. 7-302889 discloses that a 
porous layer is formed at the surface of a silicon wafer, thereafter an epitaxial growth layer is formed thereon, another 
wafer is bonded to the epitaxial growth layer (silicon layer), and a pressure, a shear force or ultrasonic waves is/are 

2o applied to the porous layer to make separation. Japanese Patent Application Laid-Open No! 8-213645 also discloses 
that a porous layer is formed at the surface of a single-crystal silicon substrate, thereafter a p-n junction layer is formed 
thereon, the single-crystal silicon substrate is. on its back, fastened to a jig through an adhesive, another jig is bonded 
to the epitaxial growth layer, and both the jigs are pulled against each other to cause the porous layer to break to obtain 
a thin-film epitaxial growth layer (a solar cell). Japanese Patent Application Laid-Open No. 10-190032 discloses that a 

25 difference in shrink between a silicon layer and a plastic substrate bonded to the silicon layer is utilized to separate the 
former from the latter by cooling them with a vapor of liquid nitrogen. 

[0004] However, when the thin-film epitaxial growth layer is obtained by separating it at the part of the porous layer, 
the thin-film semiconductor layer may finely be cracked or broken on the periphery of a region where it is to be sepa- 
rated (i.e., a separating region), because of an impact produced when the porous layer formed at the surface of the first 
30 substrate is broken by separating force. Where it is thus cracked or broken, not only the thin film can be handled with 
difficulty but also, when cracked or broken up to the central area, the yield and characteristics of devices including solar 
cells may lower. 

SUMMARY OF THE INVENTION 


[0005] An object of the present invention is to provide a process for producing a semiconductor member and a solar 
cell, which process enables separation of the thin-film semiconductor layer at a smaJI force while causing less cracks, 
breaks or defects to be brought into it and can manufacture high-performance semiconductor members and solar cells 
in a good efficiency. 

[0006] To achieve the above object, the present invention provides a process for producing a semiconductor mem- 
ber making use of a thin-film crystal semiconductor layer, the process comprising the steps of: 

(1) anodizing the surface of a first substrate to form a porous layer at least on one side of the substrate; 

(2) forming a semiconductor layer at least on the surface of the porous layer; 

(3) removing the semiconductor layer at its peripheral region; 

(4) bonding a second substrate to the surface of the semiconductor layer; 

(5) separating the semiconductor layer from the first substrate at the part of the porous layer by applying an external 
force to at least one of the first substrate, the porous layer and the second substrate; and 

(6) treating the surface of the first substrate after separation and repeating the above steps (1) to (5). 

[0007] The present invention also provides a process for producing a semiconductor member making use of a thin- 
film crystal semiconductor layer, the process comprising the steps of: 

(1) anodizing the surface of a first substrate to form a porous layer at least on one side of the substrate; 

(2) forming a semiconductor layer at least on the surface of the porous layer; 

(3) bonding a second substrate to the semiconductor layer; 

(4) removing the semiconductor layer at its region not covered with the second substrate; 

(5) separating the semiconductor layer from the first substrate at the part of the porous layer by applying an external 
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force to at least one of the first substrate, the porous layer and the second substrate; and 

(6) treating the surface of the first substrate after separation and repeating the above steps (1) to (5). 

[0008] The present invention still also provides a process for producing a solar cell making use of a thin-film crystal 
5 semiconductor layer, the process comprising the steps of: 

(1) anodizing the surface of a first substrate to form a porous layer at least on one side of the substrate; 

(2) forming a semiconductor layer at least on the surface of the porous layer; 

(3) removing the semiconductor layer at its peripheral region; 

w (4) bonding a second substrate to the surface of the semiconductor layer; 

(5) separating the semiconductor layer from the first substrate at the part of the porous layer by applying an external 
force to at least one of the first substrate, the porous layer and the second substrate; and 

(6) treating the surface of the first substrate after separation and repeating the above steps (1) to (5). 

15 [0009] The present invention further provides a process for producing a solar cell making use of a thin-film crystal 
semiconductor layer, the process comprising the steps of: 

(1) anodizing the surface of a first substrate to form a porous layer at least on one side of the substrate; 

(2) forming a semiconductor layer at least on the surface of the porous layer; 
i (3) bonding a second substrate to the semiconductor layer; 

(4) removing the semiconductor layer at its region not covered with the second substrate; 

(5) separating the semiconductor layer from the first substrate at the part of the porous layer by applying an external 
force to at least one of the first substrate, the porous layer and the second substrate; and 

(6) treating the surface of the first substrate after separation and repeating the above steps (1) to (5). 

25 

[0010] The present invention still further provides a process for producing a semiconductor member obtained by 
separating a thin-film crystal semiconductor layer formed on a first substrate to transfer the former to a second sub- 
strate, wherein the thin-film crystal semiconductor layer is removed by etching by electropolishing at its part on the 
periphery of the first substrate. 

30 [001 1 ] The present invention still further provides a process for producing a semiconductor member making use of 
a thin-film crystal semiconductor layer, the process comprising the steps of: 

(1) anodizing the surface of a first substrate at least on its principal -surface side to form a porous layer; 

(2) forming a semiconductor layer on the surface of the porous layer; 

35 (3) removing the semiconductor layer at its part on the periphery of the first substrate by electropolishing; 

(4) bonding a second substrate to the surface of the semiconductor layer; 

(5) separating the semiconductor layer from the first substrate at the part of the porous layer to transfer trie semi- 
conductor layer to the second substrate; and 

(6) treating the surface of the first substrate after separation and repeating the above steps (1 ) to (5). 

j 

[0012] The present invention still further provides a process for producing a solar cell obtained by separating a thin- 
film crystal semiconductor layer formed on a first substrate to transfer the former to a second substrate, wherein the 
thin-film crystal semiconductor layer is removed by etching by electropolishing at its part on the periphery of the first 
substrate. 

45 [001 3] The present invention still further provides a process for producing a solar cell making use of a thin-film crys- 
tal semiconductor layer, the process comprising the steps of: 

(1) anodizing the surface of a first substrate at least on its principal -surface side to form a porous layer; 

(2) forming a semiconductor layer on the surface of the porous layer; 

so (3) removing the semiconductor layer and the porous layer at their part on the periphery of the first substrate by 
electropolishing; 

(4) forming a surface anti-reflection layer on the surface of the semiconductor layer at its part other than that on the 
periphery of the first substrate; 

(5) bonding a second substrate to the surface of the semiconductor layer; 

55 (6) separating the semiconductor layer from the first substrate at the part of the porous layer to transfer the semi- 
conductor layer to the second substrate; and 

(7) treating the surface of the first substrate after separation and repeating the above steps (1 ) to (6). 
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[0014] The present invention still further provides an anodizing apparatus comprising, at the peripheral portion of a 
substrate to be subjected to anodizing, a first electrode coming in contact with the back" side of the substrate and a sec- 
ond electrode facing the first electrode, interposing the substrate between them; the first electrode having substantially 
the same form as the second electrode. 

[001 5] The present invention still further provides an anodizing apparatus comprising, at the peripheral portion of a 
substrate to be subjected to anodizing, a first electrode coming in contact with the back side of the substrate and a sec- 
ond electrode facing the first electrode, interposing the substrate between them, and, in the remaining substrate region 
excluding the peripheral portion, a third electrode coming in contact with the back side of the substrate and a fourth 
electrode facing the third electrode, interposing the substrate between them; the first electrode and third electrode hav- 
ing substantially the same form as the second electrode and fourth electrode, respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016) 


Figs 1 A. iB. 1C, ID. IE, 1F. 1G and 1H illustrate an example of a thin-film semiconductor production process 
acccrdng to tic present invention, which is a process carried out in Example 1. 

Ftgs 2A. 2B. 2C. 2D. 2E, 2F, 2G and 2H illustrate another example of a thin-film semiconductor production process 
arccrdng :o ne present invention, which is a process carried out in Example 2. 
20 Figs 3A and 3B illustrate how an epitaxial layer is cracked or broken when separated. 

Fig 4 is a cross -sectional view of a separating jig used in Example 3! 

Fig 5 is a schematic view of a holder portion of a periphery etching apparatus used in Example 3. 
Fig 6 is a cross -sectional view of a back-side junction-concentrated solar cell formed in Example 4. 
Fig. 7 is a olan view showing a periphery-removing portion of the solar cell formed in Example 4. 
Fig. 3 is a plan view showing an isolation region and a periphery-removing portion of a solar cell formed in Example 
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Fig. 9 illustrates a method of removing a porous layer formed at an edge of a wafer, carried out in Example 6 
Figs. 10A.10B, IOC, 10D. 10E. 10F..10G andlOH illustrate a semiconductor member production, process accord- 1 
ing to the present invention. 

Figs. UA.11B. UC. .110,' 1 1E. 1 IF. 11G, liHand 1 1 1 illustrate a solar cell production process according to the 
present invention. 

Figs. 12A. 12B. 12C. 12D. 12E, 12F. 12G. 12H and 121 illustrate another solar cell production process according to 
the present invention. 

Fig. 13 illustrates the construction of an anodizing apparatus of the present invention. 1 
Fig. 14 illustrates the construction of another anodizing apparatus of the present invention. 
Fig. 1 5 illustrates the construction of still another anodizing apparatus of the present invention. 
Fig. 1 6 illustrates examples of a form an electrode for removing the peripheral portion may have, used in the ano- 
dizing apparatus of the present invention. 

Fig. 17 illustrates other. examples of a form an electrode for removing the peripheral portion may have, used in the 
anodizing apparatus of the present invention. 

Fig. 18 illustrates another example of a form an electrode for removing the peripheral portion may. have, used in the 
anodizing apparatus of the present invention. 

Fig. 1 9 illustrates still another example of a form an electrode for forming an anti-reflection layer may have, used in 
the anodizing apparatus of the present invention. 


DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0017] Embodiments of the present invention will be described below in detail. 
so (Embodiment 1) 

[0018] As ah embodiment according to the present invention, a process for producing a semiconductor member is 
described with reference to Figs. lAto 1H. 

[0019] Into the surlace portion or layer of a first-substrate crystal substrate as exemplified by a single-crystal silicon 
wafer 101, impurities are introduced by thermal diffusion or ion implantation or are incorporated when the wafer is pro- 
duced, to form a p^-type (or n + -type) layer 1 02 at least at the wafer surface (Fig. 1 A). . 
V [0020] Next, the wafer surface on the side the impurities have been introduced is subjected to anodizing in, e.g an 
v j aqueous HF (hydrogen fluoride) solution to make the surface and the vicinity thereof porous to form a porous layer 103 
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(Rg. 1B). 

[0021] This porous layer 103 is subjected to hydrogen annealing to make its surface smooth, followed by CVD 
(chemical vapor deposition) or liquid-phase epitaxial growth to grow a single-crystal silicon semiconductor layer 104 
(Rg. 1C). 

[0022] In the course of the anodizing to make porous, the level of anodizing electric current may be changed, e.g., 
from a low level to a high level. This makes it possible to previously provide the porous layer with a structural change in 
density, whereby after epitaxial growth the semiconductor layer 104 can be separated (peeled) from the silicon wafer 
101 with ease at the part of the porous layer. 

[0023] Where the side of a wafer on which the semiconductor layer is formed is defined to be the surface and the 
io other side the back, the semiconductor layer 104 formed on the porous layer 1 03 comes as follows: When, e.g., the sur- 
face portion is made porous in the state the periphery of the surface Is shielded from the anodizing solution at the time 
of anodizing, and the epitaxial growth is carried out on the whole surface, what is formed in and on the wafer are, as 
shown in Fig. 3A, a porous layer 303, a flat single-crystal layer 305 formed when pores of the porous- layer surface por- 
tion are stopped up as a result of the hydrogen annealing carried out before the semiconductor layer is formed, and a 
is single -crystal silicon semiconductor layer 304 formed by epitaxial growth. In order to separate the semiconductor layer 
to transfer it to a second substrate 308, the semiconductor layer 304, single-crystal layer 305 and porous layer 303 must 
be broken by separating force so as to reach a portion having the lowest breaking strength in the porous layer, and at 
this time the semiconductor layer 304 tends to be cracked or broken or to have other defects brought into it. 
[0024] As another example, when the porous layer is formed in the state the back is shielded from the anodizing 
t solution, and the epitaxial growth is carried out in the state the wafer (with the porous layer) is masked on the periphery 
of the surface up to the whole back, a structure as shown in Fig. 3B comes about. The porous layer 303 is not hydrogen- 
annealed at its masked portion and hence neither flat single-crystal layer 305 nor semiconductor layer 306 is formed at 
that portion. In order to separate the semiconductor layer 304 to transfer it to the second substrate 308. the porous layer 
must be broken at its some portion so that the thin-film single -crystal silicon layer can be separated at a portion having 
25 the lowest breaking strength in the porous layer. In this case, too, when the porous layer has a high breaking strength, 
the single-crystal silicon layer 304 formed by epitaxial growth may be damaged like the above case. 
■ [0025] Accordingly, depending on the separation strength of the porous layer, only the single-crystal silicon layer 
j (silicon layer 1 04) or, in addition thereto, part or the whole of the porous layer at its/their portion(s) lying on the periphery 
/ of the separating region is/are removed (Fig. 1 D). Then, a second substrate supporting substrate 1 06 is bonded to the 
30 silicon layer 1 04 via an adhesive layer 105 such that it is not bonded to the portion uncovered after removal (Fig. 1 E). 
Thereafter, a physical separating force (e.g., a direct force such as mechanical force or an indirect force that acts via a 
medium, such as ultrasonic waves) is applied to the porous layer 1 03 to separate the silicon layer from the silicon wafer 
101 and transfer it onto the supporting substrate 106 (Fig. 1F). In this case, the direct force may directly be applied to 
the porous layer 103, or may be applied to one or both of the wafer 101 and the supporting substrate 106, or may be 
applied to alt of them. 

[0026] By doing so, the thin-film semiconductor layer can be made less broken or damaged and also any force 
applied to the porous layer at its portion other than the part where it is readily separable can be made small, making it 
possible to effect separation at a small force. Here, the silicon layer and optionally the porous layer may be removed 
after the supporting substrate 1 06 has been bonded. In this case, it is efficient to use the supporting substrate as a sub- 
stitute for a mask necessary for removing the periphery (see Figs. 2A to 2H). The removing of the semiconductor layer 
and optionally the porous layer at its/their portion (s) lying on the periphery of the separating region, which may be effec- 
tive when done at part of the periphery, can be more effective when done on the whole periphery. 
[0027] A porous residue 107 remaining after transfer on the surface of the thin-film single-crystal silicon layer may 
optionally be etched away by etching or the like to obtain a semiconductor member or solar cell (Rg. 1G). The support- 
45 ing substrate used for the separation of the silicon layer may be incorporated in the semiconductor member or solar cell 
product as it is, or the thin-film silicon may again be transferred to a third substrate suited for the product. 
[0028] The silicon wafer 101 from which the silicon layer has been separated may be treated to remove by etching 
or the like the porous residue 107 remaining on its surface. Thus, it can be reused in the first step and can effectively 
be utilized (Rg. 1H). 

so [0029] The removing of the periphery of the separating region, which is to obtain a thin-film semiconductor with 
ease, may be done before the substrate tor supporting the silicon thin film (the supporting substrate) is bonded or before 
the supporting substrate has been bonded. In the case where the periphery of the separating region is removed before 
the supporting substrate is bonded, it is removed by dry etching such as reactive ion etching, wet etching or electrolytic 
etching making use of a hydrofluoric acid type etchant, mechanical methods such as grinding or polishing, or laser- 

55 assisted etching, in the state the separating region is masked. Thereafter, the supporting substrate is bonded to the 
separating region while paying attention so as not to provide the adhesive to the portion uncovered after removal. In the 
case where the periphery is removed after the supporting substrate has been bonded, the supporting substrate for the 
thin film may be made to serve as a mask, thereby making good use of the material and saving the step of removing 
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the mask, resulting in a good efficiency. 

[0030] What is removed is only the peripheral region of the semiconductor layer or, in addition thereto, part or the 
whole of the peripheral region of the porous layer. Since the porous layer may have a different structure depending on 
anodizing conditions and may have a different separation strength, it may be removed in a depth most suited for the 
separation. 

[0031] Features of the process for producing the semiconductor member and solar cell according to the present 
invention will be described below in detail. 

[0032] The porous layer is described first, taking the case of silicon as an example. In the anodizing for forming the 
porous layer (porous silicon layer) 103, the aqueous HF solution (hydrofluoric acid) may preferably be used. An aque- 
ous hydrogen chloride solution (hydrochloric acid) or a solution of sulfuric acid may also be used. In the case where the 
aqueous HF solution is used, the p*-type (or nMype) layer 102 can be made porous when it has an HF concentration 
of at least 10% by weight. The quantity of electric current flowed at the time of anodi2ing may appropriately be deter- 
mined in accordance with the H F concentration/the intended layer thickness of the porous silicon layer and the state of 
porous layer surface. Stated roughly, it may suitably be within the range of from 1 mA/cm 2 to 1 00 mA/cm 2 . 
[0033] An alcohol such as ethyl alcohol may also be added to the aqueous HF solution, whereby bubbles of reac- 
tion product gases generated at the time of anodizing can instantaneously be removed from the reaction liquid surface 
without stirring and the porous silicon can be formed uniformly and in a good efficiency. The quantity of the alcohol to 
be added may appropriately be determined in accordance with the HF concentration, the intended layer thickness of 
the porous silicon layer and the state of porous layer surface. It must be determined especially while paying attention 
20 not to make the HF concentration too low. 

[0034] The single-crystal silicon has a density of 2.33 g/cm 3 . The density of single -crystal silicon can be changed 
within the range of from 1 .1 to 0.6 g/cm 3 by changing the concentration of the aqueous HF solution from 50 to 20% by 
weight. Also, its porosity can be changed by changing anodizing electric currents, where the porosity increases with an 
increase in electric currents. 

[0035] Mechanical strength of porous silicon differs depending on the porosity, and is considered to be sufficiently 
lower than that of bulk silicon. For example, porous silicon having a porosity of 50% may be estimated to have a 
mechanical strength of half that of the bulk silicon. Assume that a substrate is bonded to the surface of a porous silicon 
layer formed at the surface of a silicon wafer and a sufficient bonding power has been given between the porous silicon 
layer and the substrate. In such a case, the porous silicon layer is broken upon application of an instantaneous sepa- 
rating force such as compression, tension or shear forceto the interface between the silicon wafer.and the substrate. 
Also, a like effect is obtainable when an indirect force is made to act between them by externally applying energy such 
as heat, ultrasonic waves or centrifugal force. Still also, the porous silicon layer can be broken by a weaker force or 
energy when made to have a higher porosity. 

[0036] It is reported that, in the formation of porous silicon by anodizing, the anodizing reaction requires holes and 
hence p-type silicon, in which holes are chiefly present, is used to make the porous silicon (T. Unagami. J. Electrochern. 
Soc., Vol.127, 476, 1980). On the other hand, however, there is another report that silicon can also be made porous as 
long as it is a low-resistance n-type silicon (R.R Holmstrom and J.Y. Chi, Appl. Phys. Lett.. Vol.42, 3B6, 1983). Thus,, 
without regard to whether the silicon is p-type of n-type, it can be made porous using low-resistance silicon^ Also, it can 
be made porous selectively in accordance with its conductivity type, and only the p-type layer can be made porous by 
carrying out anodizing in the dark as in the FIPOS (full isolation by porous oxidized silicon) process. 
[0037] In porous silicon obtained by anodizing single-crystal silicon, pores having a diameter of few nanometers are 
formed as seen in observation with a transmission electron microscope, and the porous silicon has a density naff or less 
that of the single^rystal silicon. Nevertheless, it is kept to stand single-(or mono)crystalIine, where an epitaxial layer 
can be made to grow on the porous silicon by, e.g.. thermal CVD. 

[0038] The porous layer also has voids which are formed in a large quantity in its interior, and hence has come to 
have a dramatically large surface area compared with its volume. As a result, the rate of its chemical etching can greatly 
be higher than the etching rate on usual single-crystal layers. 

[0039] The porous layer is also obtainable similarly by anodizing even when potycrystalline silicon is used in place 
of single-crystal silicon. On that layer, a single-crystal silicon layer can be formed by, e.g., thermal CVD. (In this case, 
partial epitaxial growth is possible which corresponds to the size of crystal grains of the polycrystalline silicon.) 
[0040] To form the thin-film semiconductor layer, liquid-phase epitaxy and gas-phase epitaxy may be used. 

(Embodiment 2) 

[0041] As another embodiment according to the present invention, a semiconductor member production process 
employing elect ropolishing is described with reference to Figs. 1 0A to 1 0H. 

[0042] As shown in Fig. 1 OA, first, into the surface portion (surface layer) of a single^crystal silicon substrate 1101, 
B (boron) is introduced by thermal diffusion or ion implantation or is incorporated when the substrate (wafer) Is pro- 
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duced. The single-crystal silicon substrate the surface layer (1202) of which has become p*-type is subjected to ano- 
dizing in, e.g., an aqueous HF solution to make the p*-type surface layer 1202 porous to form a porous layer 1 103 (Fig. 
108). Here, the layer may be made porous such that the anodizing is carried out first at a level of low electric current 
and, after lapse of a certain time, at a level abruptly raised to high electric current and for a short time. This makes it 
5 possible to previously provide the porous layer with an internal structural change in density, whereby in a later step a . 
silicon layer 1 104 can be separated from the single-crystal silicon substrate HOI with ease. 

[0043] Next, on the surface layer 1103 thus made porous, the silicon layer 1 104 is formed by. e.g., thermal CVD 
(Fig. IOC). Here, at the time the silicon layer 1 104 is formed, a dopant may be introduced in a trace quantity to control 
the silicon layer to be of a p -type (or n -type). 

io [0044] The single-crystal silicon substrate 1101 having the silicon layer 1104 is set in an anodizing apparatus 
shown in Fig. 14, at its prescribed position such that the silicon layer 1 104 faces a negative electrode 1504 in the aque- 
ous HF solution. Here, the negative electrode 1504 has substantially the same form as a positive electrode 1505 com- 
ing in contact with the back of the single-crystal silicon substrate 1101, and is provided along the periphery of the single- 
crystal silicon substrate 1 101 in the form of, e.g., a beltlike ring or polygon as shown in Fig. 16. An electric current is 

is flowed across the electrodes and etching is carried out in an electropolishing mode to remove the silicon layer 1 104, or 
the silicon layer 1 104 and part or the whole of the porous layer 1 103, lying on the periphery of the single-crystal silicon 
substrate 1 101. In this case, the removing of either only the silicon layer 1 1 04 or both the silicon layer 1 104 and part or 
the whole of the porous layer 1 1 03 may be selected in accordance with the separating strength of the porous layer. 
[0045] In the case where as shown in Fig. 38 the silicon layer 1 104 (304) does not completely cover the porous 
» layer 1 103 (303) and the porous layer 1103 is uncovered to the surface of the substrate 1101 (wafer), part or the whole 
of the porous layer 1 103 at its uncovered portion is removed (Fig. 10D). 

[0046] After an oxide film 1106 is formed at the surface of the silicon layer 1104, a supporting substrate 1105 is 
bonded to the oxide film 1 1 06, and these are put in a heat-treating furnace (not shown) to bring the supporting substrate 
1 105 and the silicon layer 1104 on the single-crystal silicon substrate HOI into firm bond (Fig. 10E). 
25 [0047] Next, force is made to act between the supporting substrate 1 105 and the single-crystal silicon substrate 
1 1 01 in the direction where they are pulled apart from each other, to separate them at the part of the porous layer 1 1 03 
(Rg. 1 0F). 

[0048] A porous layer 1 103a remaining on the silicon layer 1 104 separated from the single-crystal silicon substrate 
1101 is* selectively removed. Only the porous silicon can be removed by electroless wet chemical etching by the use of 

30 at least one of a usual silicon etcriant, porous-silicon selective-etchant hydrofluoric acid, a mixed solution prepared by 
adding at least one of an alcohol and hydrogen peroxide water to hydrofluoric acidi buffered hydrofluoric acid, a mixed 
solution prepared by adding at least one of an alcohol and hydrogen peroxide water to buffered hydrofluoric acid, and 
an alkali solution of KOH, NaOH or hydrazine (Rg. 10G). The supporting substrate to which the silicon layer has been 
transferred may be used as a semiconductor substrate as it is, or, as occasion calls, the silicon layer may again be 

35 transferred to a third substrate suited for products. 

[0049] The single-crystal silicon substrate 1101 after separation may be treated in the same manner as the above 
to remove a porous layer 1 1 03b remaining on its surface. In a case where the surface is too rough for its flatness to be 
tolerable, the surface may optionally be flatted (Fig. 1 0H), and thereafter the substrate is reused in the step of Rg. 1 0A: 

J (Embodiment 3) 

[0050] As still another embodiment according to the present invention, a thin-film crystal solar cell production proc- 
ess employing electropolishing is described with reference to Figs. 1 1 A to 1 11. 

[0051] As shown in Fig. 11 A, first, into the surface layer of a single -crystal silicon substrate 1201, B (boron) is intro- 
<s duced by thermal diffusion or ion implantation or is incorporated when the substrate (wafer) is produced. The single- 
crystal silicon substrate the surface layer (1202) of which has become p*-type is subjected to anodizing in, e.g., an 
aqueous HF solution to make the pMype surface layer 1202 porous to form a porous layer 1203 (Fig. 1 1B). Here, the 
layer may be made porous such that the anodizing is carried out first at a level of low electric current and, after lapse of 
a certain time, at a level abruptly raised to high electric current and for a short time. This makes it possible to previously 
so provide the porous layer with an internal structural change in density, whereby in a later step a silicon layer 1204 can 
be separated from the single-crystal silicon substrate 1201 with ease. 

[0052] Next, on the surface layer 1203 thus made porous, the silicon layer 1204 is formed by, e.g., thermal CVD 
(Fig. 1 1C). Here, at the time the silicon layer 1204 is formed, a dopant may be introduced in a trace quantity to control 
the silicon layer to be of a p'-type (or n"-type). On the silicon layer 1204, a pMype layer (or n^-type layer) 1205 is depos- 
es ited by plasma CVD or by increasing the dopant when the formation of the silicon layer 1 204 is finished (Fig. 1 1 D). 
[0053] The single-crystal silicon substrate 1201 having the silicon layers 1204 and 1205 is set in an anodizing 
apparatus shown in Fig. 14, at Its prescribed position such that the silicon layer 1205 faces a negative electrode 1504 
in the aqueous HF solution. Here, the negative electrode 1504 has substantially the same form as a positive electrode 
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1505 coming in contact with the back of the single-crystal silicon substrate 1201, and is provided along the periphery 
of the single-crystal silicon substrate 1201 in the form of. e.g.. a beltlike ring or polygon as shown in Fig. 1 6. An electric 
current is flowed across the electrodes and etching is carried out in an electropolishing mode to remove the silicon lay- 
ers 1204 and 1205, or the silicon layers 1204 and 1205 and part or the whole of the porous layer 1203, lying on the 
periphery of the single -crystal silicon substrate 1201. In this case, the removing of either only the silicon layers 1204 
and 1205 or both the silicon layers 1204 and 1205 and part or the whole of the porous layer 1203 may be selected In 
accordance with the separating strength of the porous layer. 

[0054] In the case where as shown in Fig. 3B the silicon layers 1204 and 1205 (304) do not completely cover the 
porous layer 1203 (303) and the porous layer 1203 is uncovered to the surface of the single-crystal silicon substrate 
1 201 (wafer), part or the whole of the porous layer 1203 at its uncovered portion is removed (Fig. 1 1 E). 
[0055] A polymeric-film substrate 1206 on which a silver paste has been printed as a back electrode 1207 is 
bonded in dose contact with the side of the single-crystal silicon substrate 1201 on which the silicon layers 1204 and 

1205 have been formed, and these are put in an oven (not shown) and heated to bring the polymeric-film substrate 

1206 and the silicon layer 1205 on the single-crystal silicon substrate 1201 into firm bond (Fig. 1 1 F). 

[0056] Next, force is made to act between the polymeric-film substrate 1206 and the single-crystal silicon substrate 
1 201 in the direction where they are pulled apart from each other. That is. the flexibility of the polymeric film is utilized 
and the both are slowry drawn off from an edge of the single-crystal silicon substrate 1201 to separate them at the part 
of the porous layer 1203 (Fig. 1 1G). 

[0057] A porous layer 1203a remaining on the silicon layer 1204 separated from the single-crystal silicon substrate 
1201 is selectively removed. Only the porous silicon is removed by electroless wet chemical etching by the use of at 
least one of a usual silicon etchant. porous-silicon selective-etchant hydrofluoric acid, a mixed solution prepared by 
adding at least one of ah alcohol and hydrogen peroxide water to hydrofluoric acid, buffered hydrofluoric acid, a mixed 
solution prepared by adding at least one of an alcohol and hydrogen peroxide water to buffered hydrofluoric acid, and 
an alkali solution of KOH, NaOH or hydrazine. 

[0058] On the surface of the silicon layer 1204 from which the porous layer has been removed, an n*-type (or p + - 
type) layer 1208 is formed and further thereon a transparent conductive film (ITO) serving also as a surface anti-reflec- 
tion layer and a grid type collector electrode 1 21 0 are formed by vacuum deposition to make up a solar cell (Fig. 1 1H). 
[0059] The single-crystal silicon substrate 1 201 after separation may be treated in the same manner as the above 
to remove a porous layer 1203b remaining on its surface. In a case where the surface is too rough for its flatness to be 
tolerable, the surface may optionally be flatted (Fig. 111), and thereafter the substrate is reused in the step of Fig. 1 1A. 

(Embodiment 4) 

[0060] As a further embodiment according to the present invention, a thin-film crystal solar cell production process 
employing electropolishing is described with reference to Figs. 12A to 121. 

[0061] As shown in Fig. 1 2A, first, into the surface layer of a single-crystal silicon substrate 1301 , B (boron) is intro- 
duced by thermal diffusion or ion implantation or is incorporated when the substrate (wafer) is produced. The single- 
crystal silicon substrate the surface layer (1302) of which has become p*-type is subjected to anodizing in, e.g., an 
aqueous HF solution to make the pMype surface layer 1302 porous to form a porous layer 1303 (Rg. T2B). Here,' the 
layer may be made porous such that the anodizing Is carried out first at a level of low electric current and, after lapse of 
a certain time; at a level abruptly raised to high electric current and for a short time. This makes it possible to previously 
provide the porous layer with an internal structural change in density, whereby in a later step a silicon layer 1 304 can 
.be separated from the single-crystal silicon substrate 1 301 with ease. 

[0062] Next, on the surface layer 1303 thus made porous, the silicon layer 1304 is formed by, e.g., thermal CVD 
(Fig. 12C). Here, at the time the sijicon layer 1304 is formed, a dopant may be introduced in a trace quantity to control 
the silicon layer to be of a p'-type (or n -type). On the silicon layer 1304. an nMype layer (or p+-type layer) 1305 is 
deposited by plasma CVD or by increasing the dopant when the formation of the silicon layer . 1304 (Rg. 12D) is fin- 
ished. 

[0063] The single-crystal silicon substrate 1301 having the silicon layers 1304 and 1305 is set in an anodizing 
apparatus shown in Fig. 15, at its prescribed position such that the silicon layer 1305 faces negative electrodes 1604 
and 1606 in the aqueous HF solution. Here, the negative electrodes 1604 and 1606 have substantially the same form 
as positive electrodes 1605 and 1607. respectively, coming in contact with the back of the single-crystal silicon sub- 
strate 1 301 . The electrodes 1 604 and 1 605 are provided along the periphery of the single-crystal silicon substrate 1301 
in the form of, e.g., a beWike ring or polygon as shown in Rg. 1 6. The electrodes 1 606 and 1 607 are positioned inside 
the electrodes 1 604 and 1 605, respectively, in the region other than the periphery of the single crystal silicon substrate 
1301 and in the form of, e.g., a disk or polygon as shown in Rg. 17. 

[0064] A relatively high electric current is flowed across the electrodes 1604 and 1605 and etching is carried out in 
an electropolishing mode to remove the silicon layers 1304 and 1305, orthe silicon layers 1304 and 1305 and part or 
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the whole cf ire porous layer 1303. lying on the periphery of the single-crystal silicon substrate 1301. In this case, the 
removing oVeane* onry me s«icon layers 1304 and 1305 or both the silicon layers 1304 and 1305 and part or the whole 
of the porous tayt-< 1 303 may oe selected in accordance with the separating strength of the porous layer. 
[0065] in tne case w>trre as shown in Fig. 38 the silicon layers 1304 and 1305 (304) do not completely cover the 

5 porous layer 1303 i3C3: a*o the porous layer 1303 is uncovered to the surface of the single -crystal silicon substrate 
1301 (wafeO. pa^ °* (** »hoe of the porous layer 1303 at its uncovered portion is removed. A relatively low electric 
current is flowed across etectrooes 1604 and 1 605 to carry out conventional anodizing, and a thin porous layer 1309 
is formed on the sunace o' the s»icon layer 1304 in its region other than the peripheral region of the single-crystal silicon 
substrate 130* tc p^>r>- an ann reflection layer (Rg. 12E). Here, the step of removing the silicon layer and porous 

w layer on the penpnenr ana -n e step ol forming the porous layer on the surface of the silicon layer in its region other than 
the peripheral reckon may oe carried out simultaneously or separately. 

[0066] Arte* fa y'K) ncviroJe 1310 is formed on the surface of the porous layer 1309, a transparent polymeric-film 
substrate 1306 is Doojeu wr<ir» an adhesive 1307 to the side of the single -crystal silicon substrate 1301 on which the 
silicon layers 1304 a-» J ! DC!, have been formed, and these are put in an oven (not shown) and heated to bring the pol- 
ls ymeric-film substrate t30c and tie silicon layer 1305 on the single-crystal silicon substrate 1301 into firm bond (Rg. 
12F). 

[0067] Next, the transparent poymcric film substrate 1306 and the single-crystal silicon substrate 1301 with trie 
stated layers, thus firmly bonoed are put in a water bath to make ultrasonic waves act thereon (not shown). Thus, the 
silicon layer 1304 is separated from the single-crystal silicon substrate 1301 at the part of the porous layer 1303 (Fig. 
> 12G). 

[0068] A porous tay-r * ;ma remaining on the silicon layer 1304 separated from the single -crystal silicon substrate 
1301 is selectively rprw<i Onfy the porous silicon is removed by eleclroless wet chemical etching by the use of at 
least one of a usual s.icon e'ehant. porous-silicon selective-etchant hydrofluoric acid, a mixed solution prepared by 
adding at least one of a-> axroiol and hydrogen peroxide water to hydrofluoric acid, buffered hydrofluoric acid, a mixed 
25 solution prepared by aod.nq at least one of an alcohol and hydrogen peroxide water to buffered hydrofluoric acid, and 
an alkali solution of KOm. NaOH or hydrazine. 

[0069] On the back o* the silicon layer 1304 from which the porous layer has been removed, a p + -type (or n+-type) 
layer 1308 is formeo and a back electrode 1311 is formed by vacuum deposition to make up a solar cell (Fig. 12H). 
Here, in contact with the back electrode 1311, another supporting substrate (metal substrate) may optionally be bonded 

30 via a conductive adhesive 

[0070] The single -c*ys:ai silicon substrate 1301 after separation may be treated in the same manner as the above 
to remove a porous layer 1303b remaining on its surface. In a case where the surface is too rough for "its flatness to be 
tolerable, the surface may opt onally be flatted (Fig. 1 21), and thereafter the substrate is reused in the step of Rg. 1 2A. 
[0071] As described above, according to the present invention, after the thin-film semiconductor layer has been 

35 formed on the porous layer, the thin-film semiconductor layer and optionally the porous layer lying on the periphery of 
the separating region are kept removed before the former is bonded to the supporting substrate to which it Is to be trans- 
ferred. This enables the separating force to act in a good efficiency at the portion readily separable in the porous layer 
(inclusive of the interface between it and the substrate or semiconductor layer), and hence enables separation free of 
any adverse effect such as cracking or breaking of the thin-film semiconductor layer. Thus, thin-film semiconductor 
o members having good characteristics can be obtained in a good efficiency. 

[0072] In addition, according to the present invention, while after the thin-film semiconductor layer has been formed 
on the porous layer the thin-filnri semiconductor layer and optionally the porous layer lying on the periphery of the sep- 
arating region are kept removed before the former is bonded to the supporting substrate to which it is to be transferred, 
the anti-reflection layer is kept formed on the surface of the semiconductor layer in the separating region. This enables 

45 separation of the thin-film semiconductor layer having the anti-reflection layer formed beforehand, without causing any 
cracks or breaks on the periphery. Thus, thin-film semiconductor members having good characteristics can be obtained 
through a process with simplified steps. 

[0073] In the anodizing for forming the porous layer which serves as a separating layer or peefing layer used in the 
present invention, the aqueous HF solution is used, where layer can be made porous when it has an HF concentration 

so of at least 10% by weight. The quantity of electric current flowed at the time of anodizing may appropriately be deter- 
mined in accordance with tne HF concentration, the intended layer thickness of the porous silicon layer and the state of 
porous layer surface. Stated roughly, it may suitably be within the range of from 1 mA/cm 2 to 1 00 mA/cm 2 . In the course 
of the anodizing, the level of anodizing electric current may be changed. This makes it possible to previously provide 
the porous layer with a structural change in density. Thus, its porous structure can be made plural into two or more lay- 

55 ers to enable easy separation. 

[0074] With the addition of the alcohol such as ethyl alcohol to the aqueous HF solution, bubbles of reaction product 
gases generated at the time of anodizing can instantaneously be removed from the reaction liquid surface without stir- 
ring and the porous silicon can be formed uniformly and in a good efficiency. The quantity of the alcohol to be added 


<uv*>cirv*cp tnwmu? » > 


9 


EP 1 059 663 A2 


may appropriately be determined in accordance with the HF concentration, the intended layer thickness of the porous 
silicon layer and the state of porous layer surface. It must be determined especially while paying attention not to make 
the HF concentration too low. 

[0075] In the anodizing apparatus used in the present invention to etch the semiconductor layer at its peripheral 
5 portion or to form the anti-reflection layer at the surface of the semiconductor layer in its region other than the periphery 
the electnc currents applied across the electrodes for removing the peripheral portion and across the electrodes for 
forming the ant.-reflect.on layermay preferably independently be controlled. As the form of the electrodes those having 
forms as shown in Figs. 16 and 1 7 may preferably be used which are fitted to the form the substrate to be treated has 
and the electrodes tor forming the anti-reflection layer may preferably be so disposed as to be,inside the electrodes for 
io remov.ng the penpheral portion. Also, as occasion calls, a form In which the middle area of a disk has been hollowed 
out in square as shown In Fig. 18 and a form corresponding substantially to the hollowed-out square as shown In Fig 
1 9 may be employed in the electrodes for removing the peripheral portion and the electrodes for forming the anti-reflec- 
tion layer, respectively. Using electrodes having such forms, a semiconductor layer having a square form can be sepa- 
rated from a substrate having the form of a round wafer. As materials for the electrodes, there are no prescriptions on 
15 those for the anode side, but those endurable to acids such as hydrofluoric acid are preferred for those on the cathode 
side, and platinum may most preferably be used. 

[0076] An anodizing apparatus having an isolator 1412 (having a cross-sectional form corresponding to the form of 
the electrodes for forming the anti-reflection layer) as shown in F.g. 13 may also be used for the purpose of improving 
the independency of electric current control between the electrodes for removing the peripheral portion and between 
20 the electrodes for forming the anti-reflection layer. 

[0077] There are no particular prescriptions on the distance between the substrate to be treated and the electrode 
on the cathode side. With regard to the electrodes for removing the peripheral portion, since a relatively high electric 
current is flowed thereto, rt is preferred that the cathode-side electrode is disposed at a position close to the substrate 
as far as possible in order to make a loss less occur and the distance between the electrodes is shorter than that 
between the electrodes for forming the anti-reflection layer. With regard to the electrodes for forming the anti-reflectfon 
layer, the electrode on the cathode side may be at any desired distance to the substrate (see Figs 13 to 1 5) 
[0078] As conditions for providing the electropolishing mode to etch the semiconductor layer and optionally the 
porous layer at their peripheral portions, the etching can be effected at an HF concentration of at least 20% by weight- 
when silicon is etched with the aqueous HF solution. To dilute hydrogen fluoride (HF). electrocdhductivity-providinq 
agents including alcohols such as ethyl alcohol, water, acids or salts thereof may be used. The quantity of electric cur- 
rent flowed here may appropriately be determined in accordance with the HF concentration. Stated roughly it may suit- 
ably be wrthin me range of from 10 mA/cm 2 to 100 mA/cm 2 . 

[0079] The crystal growth process used in the present invention to form the silicon layer on the porous layermay 
include thermal CVD. LPCVD (low-pressure CVD), sputtering, plasma CVD. photo-assisted CVD, and liquid-phase epi- 
taxy. As material gases used in the case of. e.g., gas-phase epitaxy such as the thermal CVD, LPCVD. plasma CVD or 
photo-asseted CVD. they may typically include silanes such as SiH 2 CI 2 . SiCI 4 . SiHCI 3 , SiH 4 . Si 2 H 6 , SiH,F, and SUF* 
and halogenated silanes. • 

[0080] In addition to the above material gases, hydrogen (H 2 ) is added as a carrier gas or for the purpose of pro- 
ving a reducing atmosphere to accelerate crystal growth. The proportion of the material gases and hydrogen may 
appropriately be determined in accordance with the methods of formation, the types of material gases and also thecon- 
dihons for formation. It may suitably be from 1 :10 to 1:1 .000 (feed flow rate ratio), and more preferably from 1:20 to 

[0061] In the case where the liquid-phase epitaxy is used, silicon is dissolved in a solvent such as Ga, in Sb Bi or 
f„ n n L°o, 6pitaXial 9rOWth WhHe COO ' ing the SO,venl Sradually or providing a temperature difference in the solvent 
[0082] As for temperature and pressure in the epitaxial growth process used in the present invention, they may dif- 
fer depending on the methods of formation and the types of materials (gases) used. With regard to the temperature it 
may surtably be from 800°C to 1.250-C in approximation when silicon is grown by usual thermal CVD. and may more 
preferably be controlled to from 850»C to 1 ,200"C. In the case of the liquid-phase epitaxy, the temperature depends on 
the types of the solvent, and may preferably be controlled to from 600»C to 1.050C when silicon is grown using Sn or In 
as the solvent In low-temperature processes such as plasma CVD, it may surtably be from 200»C to 600°C in approxi- 
mation, and may more preferably be controlled to from 200°C to 500°C. 

[0083] Similarly, with regard to the pressure, it may surtably be from 10" z Torr to 760 Torr in approximation and 
more preferably be within the range of from 10' 1 Torr to 760 Torr. wnwwiwuun. anu 

[0084] The substrate to which the thin-film crystal semiconductor layer is transferred in the process of the present 
jnvent.cn may be any of those having a rigidity and those having a plasticity. For example, it may include silicon wafers 
SUS sta.nless steel sheets, glass sheets, and plastic or resin films. As resin film materials, polymeric films may prefer- 
ably be used, including as typical ones polyimide film, EVA (ethylene vinyl acetate) film and Tefzel 
[0085] As methods for bonding the substrate to the thin-film crystal semiconductor layer in the present invention a 
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method may preferably be used in which a conductive metal paste such as copper paste or silver paste, a mixture of 
such a conductive metal paste with glass frit, or an epoxy type adhesive is inserted between the both to bring them into 
adhesion, followed by burning to effect firm bond. In this case, the metal such as copper or silver sintered by burning 
functions also as a back electrode and a back reflection layer. Also, in the case of the substrates such as polymeric 
5 films, the substrate and the thin-film crystal semiconductor layer are brought into adhesion and in this state (here, a 
back electrode is previously formed on the surface of the thin -film crystal semiconductor layer) the temperature is raised 
to the softening point ol the film substrate to bond the both firmly. 

[0086] Methods tor separating the semiconductor layer whose peripheral portion has been removed include a 
method in which a mechanical external force is made to act directty between the substrates to make separation at the 
w part of the porous layer as a separating layer, and a method in which force (internal stress) existing in the semiconduc- 
tor layer and separating layer, or between these and the substrate, or energy such as heat, ultrasonic waves, electro- 
magnetic waves or centrifugal force applied externally is utilized and made to act indirectly on a brittle portion in the 
separating layer. 

[0087] In the solar cell according to the present invention, the surface of the semiconductor layer may be subjected 
is to texture treatment in order to make incident light less reflect In the case of silicon, the treatment is made using hydra- 
zine, NaOH or KOH. The height of pyramids of the texture formed may suitably be within the range of from several 
microns to tens of microns. 

(EXAMPLES) 

[0088] The present invention will be described below in greater detail by giving Examples specifically. 
(Example 1) 

25 [0089] The present Example concerns production of a thin-film solar cell according to the process shown in Figs. 
1Ato1H. 

[0090] Into the surface layer of one side of a p-type single-crystal silicon substrate (wafer) 101 of 800 \im thick and 
4 inches diameter, B (boron) was introduced by thermal diffusion to form a p + -type layer 102. This substrate was sub- 
jected to anodizing in the state its side on which the p + -type layer was not formed was shielded from an anodizing solu- 
30 tion and while changing electric currents into two stages, to obtain a porous layer 103 of about 13 um thick. The electric 
currents were first flowed at 8 mA/cm 2 for 10 minutes and thereafter flowed at 30 mA/cm 2 for 1 minute. Because of the 
changing of electric currents, the porous layer was formed in double-layer structure consisting of a porous layer with a 
dense structure and a porous layer with a coarse structure. 

[0091] Next, the p-type single-crystal silicon wafer 101 at the surface of which the porous layer 103 was formed was 
35 annealed at a surface temperature of 1 ,050°C for 1 minute in an atmosphere of hydrogen, and was thereafter immersed 
in a 900°C metallic solution of indium into which silicon had been dissolved to become supersaturated, followed by slow, 
cooling to form the silicon layer 104 in a thickness of 30 pm. Here, a cover was provided on the porous layer such that 
the silicon layer 1 04 was formed only in the region of a concentric circle smaller by 7 mm In diameter than the wafer. 
[0092] Next, to the surface of the silicon layer 1 04, P (phosphorus) was diffused to form an nMype layer, and there- 
J after nine solar-cell regions eacfi having an area of 1 cm 2 were fabricated at the central portion of the silicon layer 104 
by isolation of the nMype layer, and an electrode and an anti-reflection layer were further formed. The silicon substrate 
101 with these was set in a chamber of a reactive ion etching apparatus, and a glass protective mask of 90 mm diam- 
eter was placed thereon in center alignment with the wafer. The portion protruded from the glass mask was etched on 
the surface side of the silicon layer to remove the silicon layer and part of the porous layer at that portion. These were 
45 removed in a depth of about 1 1 pm, which reached the second-layer porous layer by about a half of its layer thickness. 
A transparent adhesive 1 05 was coated on the surface of the remaining silicon layer 1 04 such that it was not forced out 
to the portion uncovered after removal as well as the side (lateral surface), uncovered after removal, and then a trans- 
parent substrate 106 was firmly bonded thereto. Thereafter, force was made to act on the porous layer to separate the 
silicon layer 1 04 from the silicon substrate 101, and a back electrode was formed to make up a solar cell. 
so [0093] Compared with a solar cell produced by separating the silicon layer 1 04 without removing the peripheral por- 
tion of the separating region of the silicon substrate 101. solar cells were obtainable in a good yield because the silicon 
layer was less cracked or broken, and also high values were obtainable on their photoelectric conversion efficiency. 

(Example 2) 

[0094] The present Example concerns production of a semiconductor member according to the process shown in 
Figs. 2A to 2H. 

[0095] A porous layer 203 of about 13 jim thick was formed in the same manner as in Example 1 except that a p*- 
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type layer 202 was termed at me su^ace of a p-type silicon substrate (water) 201 of 5 inches diameter and the wafer 
was shielded lr 0 m tr e anooV ng solution on its periphery 5 mm inward the semiconductor growth surface from the 
peripheral edge or the water Thereafter, a silicon semiconductor layer 204 of 0.5 pm thick was epitaxialry qrown bv 
CVD. (Figs. 2A lo 2Ci • . 

[0096] Next, the suface layer of the semiconductor layer 204 was subjected to thermal oxidation to form an StC^ 
layer, and thereafter a same typ* quart? glass substrate 206 having a diameter smaller by 15 mm than the silicon sub- 
strate 201 was bonoed meretc m as center alignment with the wafer under heat treatment at 70O°C for 0.5 hours (Fig. 
20). Then the pon.o-> protruded trom me glass substrate 206 (i.e., part of the semiconductor layer 204, part of the 
porous layer 203 ana sem.conauctor layer 202) was removed by reactive ion etching (Fig. 2E). It was removed in a 
jo depth of about 23 pm from me surface on the side of the substrate. The glass substrate 206 was irradiated with ultra- 
sonic waves to break pcous uiyer 203 to effect separation, so that the thin-film semiconductor layer was transferred 
onto the glass subst^. ?06 .Abu. a porous residue 207 remaining on the surface of the semiconductor layer 204 was 
removed by etching tj obtain an SOI (silicon-on-insulator) member 208. 

[0097] In visual e.am.rvii.on. nertner cracks nor breaks were observable at the peripheral portion of the semicon- 
15 ductor layer. As a result ;f f jrmer ooservaton with a transmission electron microscope, it was confirmed that any addi- 
tional defects were not seen tc heve been brought into the layer and a goodcrystal state was obtained. 

(Example 3) 

20 [0098] On both sioes of a noycrvstall.ne silicon wafer 501 (Fig. 5) of 1 mm thick and 4 inches diameter, pMype lay- 
ers were formed and ih*r*ah> f m* water was subjected to anodizing on its both sides in the state the wafer was 
shielded from an anod..?.n g M ii*ior , n the same manner as in Example 2. Electric currents were first flowed at 8 
mA/cm for 10 minutes and thereafter fbwed at 32 mA/cm 2 for 1 minute. Since the values of electric currents were set 
under conditions different torn- those in Example 1 . porous layers were formed in a lower strength. The porous layers 
25 formed in double-layer structure cn both sides of the wafer were each in a layer thickness of about 12 urn 
1 [0099] Subsequently, on each porous layer on the both sides of the wafer, an n + -type semiconductor layer of about 
I 0 2 thlck and a P'-W seniconouctor layer of 30 urn were successively epitaxially grown by Immersing the wafer 
with porous layer in liquid-phase epitaxy solutions in which impurities suited respectively to these layers had been dis- 
solved. Aluminum substrates 502 (406 in Fig. 4) serving also as back electrodes and supporting substrates, having a 
30 size smaller by 7 mm in raoius than the wafer, were thermally fused to the semiconductor layers on the both sides and 
simultaneously aluminum was diffused to form p+-type layers. Thereafter, each aluminum substrate 502 was protected 
by masking with a material resistant to hydrofluoric acid, and the uncovered portions of the semiconductor layers were 
removed by etching with a hydrofluoric acid/nitric acid (HFiHNO = 3:1) etchant 505. The etching was carried out using 
a jig as shown in Fig. 5. A holder £03 is joined to wafer holders (not shown) so that the wafer can be held between them 
The main body of the jig also has the function to enable adjustment of height so that only the portion intended to be 
etched is immersed in the etchart. After the semiconductor layers on the both sides at their peripheral portions were 
removed by etching, the maskng of me aluminum substrates was removed. Then, as shown in Fig. 4, force was applied 
to the porous layers 403 while holding with the jig 409 the regions 408 in wafer 401 from which the semiconductor layers 
404 were removed, thus the semiconductor layers 404 on the both sides were separated. As a result, the semiconduc- 
tor layers 404 were respective* transferred to aluminum substrates 406. Porous residues having remained on the sur- 
faces of the semiconductor layers were removed, followed by isolation, where four cells each having an area of 4 cm 2 
were fabricated, grid electrodes were formed and T.0 2 anti-reflection layers having also the passivation effect were 
deposited to make up solar cells. 

[0100] Compared with solar cells having the same construction but produced by separating the semiconductor lay- 
ers wrthout removing their peripheral portions, those produced by separating the semiconductor layers after the remov- 
ing of their peripheral portions less caused the defects such as cracks or breaks by separation, and hence the yield of 
cells was good and also high values were obtainable on their conversion efficiency. 

[0101] Porous residues having remained on the wafer surfaces after the liquid-phase epitaxial thin films were sep- 
arated were also removed, and the wafer was again subjected to the like steps. As a result, solar cells having a high 
so conversion efficiency were obtainable without any problem. 

(Example 4) * 

[0102] One side of a single<rystal silicon wafer 601 (Fig. 6) of 1 mm thick and 5 inches diameter was subjected to 
anodizing under the same conditions as in Example 3 to form a porous layer 602 of 12 um thick in double-layer struc- 
ture. The same wafer as the above on one side of which a porous layer was formed in the same way was additionally 
prepared. These two wafers were closely put together face to face on their side opposite to the side on which the porous 
layer was formed, and their periphery was covered and fixed with a jig such that any liquid-phase epitaxy solution did 
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not enter their side on which the porous layer was not formed. These were immersed in a liquid-phase epitaxy solution 
to grow a p'-type semiconductor layer 603 epitaxially in a thickness of about 40 um on each porous layer. 
[0103] Next, the wafers with these layers were detached from the jig. On each semiconductor layer and in its region 
of 75 mm x 75 mm, a comb-like pattern 604 with-fingers of 80 ujn wide and 100 um in pitch which extended form a bus' 
5 bar of 3 mm wide was formed by screen printing using a paste containing aluminum. Then, the aluminum-silicon contact 
surface and its vicinity was made into alloy at 900°C to form a pMype layer 605 and simultaneously the whole surface 
was oxidized. Only the part where silicon surface was oxidized was selectively removed by etching without removing 
oxide lilm 606 ol aluminum. Thereafter, an nMype semiconductor layer 607 was deposited on the surface by CVD. 
(0104J Next, the region where the pattern of p*-type layer 605 and n* -type layer 607 was formed was bonded with 
to a conductive paste 608, to a supporting substrate 609 (701 in Fig. 7) of 77 mm x 77 mm made of stainless steel. There- 
after, the semiconductor layer at its portion 702 protruded from the supporting substrate was removed by grinding and 
polishing. After this removal, a tensile force was applied to the interface between the supporting substrate made of 
stainless steel and the wafer to separate the thin-film semiconductor layer. A porous residue having remained on the 
th n-Mm semiconductor layer was removed and an anti-reflection layer was formed. Thus, back-side junction-concen- 
ts trated tyoe solar cells were produced. 

(01 OS] Characteristics of the solar cells were evaluated. As a result, compared with solar cells having the same con- 
structor but produced by separating the semiconductor layers without removing their peripheral portions, superior 
cr a ract eristics were obtainable. 

i (Example 5) 

(0106] On one side of a single -crystal wafer of 5 inches diameter, a porous layer was formed in the same manner 
as m Example 1 . Thereafter, on the porous layer, a p*-type semiconductor layer of about 1 um thick and a p'-type sem- 
iconductor layer ol 30 urn thick were successively epitaxially grown by liquid-phase growth in the same manner as in 
25 Example 4. by immersing the wafer with porous layer in liquid-phase epitaxy solutions in which impurities suited respec- 
tively to these layers had been dissolved. Thereafter, a diffusing agent was coated on the surface of the p'-type semi- 
ccndjctor layer, followed by heat treatment to form an nMype layer. 

(0107] Subsequently, the n*-type layer, formed on the whole surface, was subjected to isolation in a region 801 (Rg, 
8) of 85 mm x B5 mm. Then an electrode pattern was printed with a silver paste on the surface of the n*-type layer, and 

30 an insulating anti-reflection layer was further deposited thereon. 

(0108] Next, using a YAG laser, the semiconductor layer and porous, layer were removed in a depth of 45 urn in par- 
allel to a pair of opposing sides of the square region 801 formed by isolation as shown in Fig. 8, and in regions 802 set 
apart by 5 mm from isolation lines. A transparent adhesive was so coated as not to come around to the portion uncov- 
ered after removal with the laser, and a transparent substrate was bonded to the semiconductor layer. Then, force was,, 

35 applied to the substrate to cause separation to progress in the direction parallel to the side regions removed by the- 
laser. Thus, the semiconductor layer was transferred to the transparent substrate, followed by formation of a back elec- 
trode to obtain a solar cell. 

(0109] In the present Example, too, compared with those having the same construction but produced by separating 
the semiconduclor layers without removing their peripheral portions, solar cells having less breaks of thin films and hav- 
o ing superior characteristics were obtainable. 

(Example 6) 

[0110] One side of a single-crystal silicon wafer 901 (Rg. 9) of 1 mm thick and 5 inches diameter was subjected to 
45 anodizing under the same conditions as in Example 1 to form a porous layer 902 of 12 um thick in doubla-layer struc- 
ture. The same wafer as the above on one side of which a porous layer was formed in the same way was additionally 
prepared. These two wafers were closely put together face to face on their side opposite to the side on which the porous 
layer was formed, and their periphery was covered and fixed with a jig such that any liquid-phase epitaxy solution did 
not enter their contact surface. These were immersed in a liquid-phase epitaxy solution to grow a p'-type semiconductor 
50 layer (silicon layer) 903 epitaxially in a thickness of about 40 um on each porous layer. 

[0111] Next, the wafers with these layers were detached from the jig. To the surface of each silicon layer. P (phos- 
phorus) was diffused to form an nMype layer, and thereafter nine solar-cell regions each having an area of 1 cm 2 were 
fabricated at the central portion of the silicon layer by isolation of the nMype layer, and an electrode and an anti-reflec- 
tion layer were further formed. 

55 [0112] Subsequently, a glass substrate 905 of the same type as the silicon wafer was bonded with a transparent 
adhesive 904. Here, the quantity of the adhesive was so controlled that the adhesive did not come around to the edge 
face of the wafer. Against the edge face of the silicon wafer thus bonded to the glass substrate, a fluid 906 of mixture of 
fine glass beads with pure water was jetted at a jet-out pressure of 1 .0 to 2.0 kg/cm 2 by means of a honing apparatus. 
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Thus, the porous layer formed at the edge of the wafer was removed over the whole periphery of the wafer. The glass 
substrate was provided with a mask tape 907 so as not to be scratched. Thereafter, a wedge made of stainless steel 
and coated with Teflon was inserted to the porous layer to separate the thin-film semiconductor layer from the silicon 
wafer at the part of the porous layer. A porous residue having remained on the thin-film semiconductor layer was 
s removed and a back electrode was formed. Thus, solar cells were produced. 

[0113] Characteristics of the solar cells were evaluated. As a result, compared with solar cells having the same con- 
struction but produced by separating the semiconductor layers without removing their peripheral portions, superior 
characteristics were obtainable. 

10 (Example 7) 

[0114] The present Example concerns production of a semiconductor member by transferring a single-crystal sili- 
con layer to a glass substrate according to the process shown in Figs. 1 0A to 1 0H. 

[0115] Into the surface layer of a silicon wafer 1 101 of 5 inches diameter, boron was thermally diffused using BCI3 
15 as a thermal diffusion source at a temperature of 1,200°C to form a p*-type layer to obtain a diffusion layer 1102 of 
about 3 urn thick (Fig. 10A). This wafer whose surface layer 1102 became p + -type was subjected to anodizing in an 
aqueous HF/C 2 H 5 OH solution under conditions shown in Table 1 (Rg. 10B). Here, the anodizing was carried out first at 
a low electric current of 8 mA/cm 2 for 2.5 minutes and thereafter, slowly raising the level of electric current on, the ano- 
dizing was stopped at the time the electric current reached 35 mA/cm 2 in 30 seconds. The porous layer 1 103 formed 
20 was in a layer thickness of about 3 pm in total. 


Table 1 


25 


30 


35 


40 
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Anodizing solution 

HF:H 2 0:C 2 H 5 OH=: 1:1:1 

Current density 

8 mA/cm 2 -» 35 mA/cm 2 

Anodizing time 

2.5 min -4 (30 sec.) -> 0. 
sec. ' 


[0116] This makes it possible to previously provide the porous layer with an internal structural change in density, 
and later enables easy separation of the silicon layer 1 1 04 from the wafer 1101. 

[0117] Next, on the surface layer 1 103 having been made porous, a silicon layer 1 104 was formed in a thickness of 
0.5 urn by thermal CVD (Fig. 1 0C). Here, the peripheral portion of the wafer was in such a state that the silicon layer 
1 1 04 covered the top of the porous layer 1 1 03 like that shown in Rg. 3A. 

[0118] The wafer 1 101 with porous layer was set in the anodizing apparatus shown in Fig. 14, at its prescribed posi- 
t.on such that the silicon layer n 04 faced a negative electrode 1504 in the aqueous HF solution. Here, the negative 
electrode 1504 had substantially the same form as a positive electrode 1505 coming In contact with the back of the 
wafer 1101, and was provided along the periphery of the wafer 1 101 in the form of a beltlike ring (see Rg. 16). An elec- 
tric current of 120 mA/cm 2 was flowed across the electrodes in an HF/HgO solution (HF:C2H 5 OH:H 2 0 = 1:1:6) and 
etching was carried out in an electropolishing mode to remove the silicon layer 1 1 04 and part of the porous layer 1 1 03, 
lying on the periphery of the wafer 1101, in a depth of 10.5 urn in total (Fig. 10D). 

[0119] On the surface of the silicon layer 1 1 04, an oxide film 1 106 was formed in a thickness of 0.1 urn by normal- 
pressure CVD at 450°C. Thereafter, a glass substrate 1 1 05 was bonded to the oxide film 1 106, and these were put in 
a heat-treating furnace (not shown) and heated at 1,150°C to bring the glass substrate 1 105 and the silicon layer 1104 
on the wafer 1101 into firm bond (Rg. 1 0E). 

[0120] Next, force was made to act between the supporting substrate 1 105 and the wafer 1 1 01 in the direction 
where they were pulled apart from each other, to separate them at the part of the porous layer 1 1 03 (Rg. 1 0F). Neither 
cracks nor breaks were seen on the periphery of the silicon layer thus separated. 

[0121] A porous layer 1 103a remaining on the silicon layer 1 104 separated from the wafer 1 101 was selectively 
removed with a solution of HF/H 2 0 mixture. Thus, an SOI member was obtained (Rg. 1 0G). 

[0122] The wafer 1 101 after separation was treated In the same manner as the above to remove a porous layer 
1 103b remaining on its surface. In a case where the surface was too rough for its flatness to be tolerable the surface 
was optionally flatted by polishing or the like (Fig. 1 0H). 

[01 23] Using the regenerated wafer thus obtained, the above steps were repeated to obtain a plurality of semicon- 
ductor (SOI) members having high -quality semiconductor layers. 
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(Example 8) 

[0124] The present Example concerns production of a solar cell by transferring a thin -film single-crystal silicon layer 
to a polyimide film according to the process shown in Figs. 1 1 A to 1 1 1. 

5 [0125] Into the surface layer of a silicon wafer 1201 of 5 inches diameter, boron was thermally diffused using BCI 3 
as a thermal diffusion source at a temperature of 1 ,200°C to form a p*-type layer to obtain a diffusion layer 1 202 of 
about 3 u,m thick (Fig. 1 1A). This wafer whose surface layer 1202 became pMype was subjected to anodizing in an 
aqueous HF/CjHjOH solution under conditions shown in Table 2. Here, the anodizing was carried out first at a low elec- 
tric current of 8 mA/cm 2 for 10 minutes and thereafter, raising the level of electric current, an electric current was flowed 

w at 30 mA/cm 2 for 1 minute. The porous layer 1203 formed was in a layer thickness of about 13 um in total. 


Table 2 


Anodizing solution 

HF:H 2 0:C 2 H 5 OH = 1:1:1 

Current density 

8 mA/cm 2 -> 30 mA/cm 2 

Anodizing time 

10 min — » (0 sec.) — » 1 min. 


> [0126] Next, on the surface of the porous layer 1203, a silicon layer 1204 was formed in a thickness of 30 u>m by 
epitaxial growth carried out under conditions shown in Table 3, by means of a liquid-phase epitaxy system of a slider 
type making use of indium as a solvent. Here, boron was added in the solvent in a trace quantity (approximately zero- 
point-few ppm to lew ppm based on the weight of silicon dissolved therein) to make the grown silicon layer 1204 into p* 
-type and also, after the growth was completed, a pMype layer 1205 was further formed on grown silicon layer 1204 in 
25 a thickness of 1 urn, using another indium melt having a larger boron content (at least hundreds of ppm based on the 
weight of silicon dissolved therein) (Figs. 1 1C, 1 1 D). Here, in relation to a jig on which the substrate was placed, the 
peripheral portion of the wafer was not in contact with the indium solvent, and hence the silicon layer 1204 did not com- 
pletely cover the porous layer 1203 like that shown in Fig. 3B and the porous layer 1203 stood uncovered at the surface 
of the substrate 1201. 

30 


Table 3 


H 2 flow rate 

5 liter/mi n. 

Solvent (In) temp. 

950°C -» 
830°C 

Slow-cooling rate 

1°C/min. 


o [0127] The wafer 1201 with porous layer was set in the anodizing apparatus shown in Fig. 14, at its prescribed posi- 
tion such that the silicon layer 1204 faced a negative electrode 1504 in the aqueous HF solution. Here, the negative 
electrode 1504 had substantially the same form as a positive electrode 1505 coming in contact with the back of the 
wafer 1201, and was provided along the periphery of the wafer 1201 in the form of a beltlike ring (see Rg. 16). 
[0128] An electric current of 170 mA/cm 2 was flowed across the electrodes in an HF/H z O solution 

as (HF:C 2 H 5 OH:H 2 0 = 1 : 1 :6) and etching was carried out in an el ectropo fishing mode to remove the silicon layer 1204 and 
the whole (layer thickness: 13 u.m) of the porous Iayer1203, lying on the periphery of the wafer 1201 (Rg. 11E). 
[0129] On one side of a polyimide film 1206 of 50 ^im thick, a silver paste 1207 was coated in a thickness of 1 0 to 
30 jim by screen printing, and this side was brought into close contact with the p*-type silicon layer 1205 side to effect 
bonding. In this state, these were put in an oven, where the silver paste was sintered under conditions of 360°C for 20 

so minutes and also the polyimide film 1206 and the silicon layer 1205 on the wafer 1201 into firm bond (Fig. 1 1F)- 

[0130] Against the polyimide film 1206 and wafer 1201 brought into a bonded structure, being kept fastened with a 
vacuum chuck (not shown) on the tetter's side not bonded to the former, force was made to act from one edge of the 
polyimide film 1206. The flexibility of the polyimide film was utilized and the both were slowly drawn off from an edge of 
the wafer 1201 to effect separating. Thus, the silicon layers 1204 and 1205 were separated from the wafer 1201 at the 

as part of the porous layer 1203 and transferred onto the pofyimide film 1206 (Fig. 1 1G). Neither cracks nor breaks were 
seen on the periphery of the silicon layers thus separated. 

[0131] A porous layer 1203a remaining on the silicon layer 1204 separated from the wafer 1201 was selectively 
etched with a solution of HF/H^^HgO mixture with stimng. The silicon layers remained without being etched and only 
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• 


the porous layer was completely removed. 

[0132) The surface of the silicon layer 1204 on the polyimide film, thus obtained, was lightly etched with a hydrofluo- 
ric acid/nitric acid type etchant to clean it, and thereafter on the silicon layer an n-type jic-Si (microcrystalline silicon) 
layer was deposited in a thickness of 200 angstroms by means of a conventional plasma CVD system under conditions 
5 shown in Table 4. Here, the u,c-Si layer had a dark conductivity of -5 S / cm. 


Table 4 


Gas flow rate ratio 

SiH 4 /H 2 = 1 cc/20 CC PrVSiH 4 2.0 x 10 3 

Substrate temperature 

250°C 

Pressure 

0.5 Torr 

Discharge power 

20 W ! 


(0133) Fmolry. on the u.c-Si layer an ITO (indium tin oxide) transparent conductive film 1 209 {82 nm) and a collector 
electrode 1210 (Ti/Pd/Ag: 400 nrn/200 nm/1 nm) were formed by EB (electron beam) vacuum deposition to make up a 
soar cell (F.g. I1H}. 

(0134) In regard to ihe thin-film single-crystal silicon solar cell on polymide thus obtained, its l-V characteristics 
20 under irradiation by light of AMI. 5 (100 mW/cm 2 ) were measured. As a result, open-circuit voltage was 0.59 V, short- 

circini photoelectric current was 33 mA/cm 2 and fill factor was 0.78 at a cell area of 6 cm 2 , and an energy conversion 
eft oency of 1 5.2% was obtained. 

10135) The porous layer remaining on the silicon wafer after separating was also removed by etching in the same 
manner as the above, and its surface was made flat (Fig. 111). Using the regenerated wafer thus obtained, the above 
25 steps were repeated to obtain a plurality of thin-film single-crystal solar cells having high-quality semiconductor layers. 

(Example 9) 

[0136) The present Example concerns production of a solar cell by transferring a polycrystaliine silicon layer to a 
30 Tefzel film (transparent film) according to.the process. shown in Figs. 12A to 121. 

[0137) Into the surface layer of a rectangular (square) polycrystaliine silicon wafer 1301 of 500 nm thick, boron was. 
thermally diffused using BCI 3 as a thermal diffusion source at a temperature of 1 ,200°C to form a p + -type layer 1 302 to 
obtain a diffusion layer of about 3 jim thick (Fig. 12A): Next, anodizing was carried out in an aqueous HF solution under 
conditions shown in Table 5, to form a porous silicon layer 1 303 at the surface of the wafer (Fig. 1 28). More specifically, 

35 the anodizing was earned out first at a low electric current of 5 mA/cm 2 for 2.5 minutes and thereafter, slowly raising the 
level of electric current on. the anodizing was stopped at the time the electric current reached 32 mA/cm 2 in 30 seconds. 


Table 5 


Anodizing solution 

HF:H 2 0:C 2 H 5 OH = 1:1:1 

Cunent density 

5 mA/cm 2 — > 32 mA/cm 2 

Anodizing time 

2.5 min. -» (30 sec.) -» 6 
sec. 


[0138] Oh the surface of the porous silicon layer, a silicon layer (polycrystaliine) was formed in a layer thickness of 
about 30 nm by crystal growth carried out under conditions shown in Table 6, by means of a conventional thermal CVD 
system. 


Table 6 


Gas flow rate ratio 

SiH 4 Cl2/H 2 = 0.5/100 (1/min.) . 

' Substrate temperature 

1.050°C 

Pressure 

normal pressure 

Growth time 

30 mln. 
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[0139] Here, during the growth, zero-point-few pprn to few ppm of B 2 H 6 was added to make the grown silicon layer 
into p-type and also, at the final stage of the growth, hundreds of ppm of PH 3 was added in place of to form an 
n*-layer 1 305 in a thickness of 0.2 jim to form a p-n junction (Fig. 12C. 12D). 

[01 40 J Here, the peripheral portion of the wafer was in such a state that the silicon layer 1304 covered the top of the 

5 porous layer 1303 like that shown in Fig. 3A. 

[0141 J The wafer 1301 with porous layer was set in the anodizing apparatus shown in Fig. 15, at its prescribed posi- 
tion such that the silicon layer 1305 faced a negative electrodes 1604 and 1606 in the aqueous HF solution. Here, the 
negative electrodes 1604 and 1 606 had substantially the same form as positive electrodes 1 605 and 1 607, respectively, 
coming in contact with the back of the wafer 1301 . The electrodes 1604 and 1 605 were provided along the periphery of 

w the wafer 1301 In the form of a beltlike rectangle (square) (see Fig. 16). The electrodes 1606 and 1607 were provided 
inside the electrodes 1604 and 1605, respectively, in the region other than the periphery of the wafer 1301 in the form 
of a rectangle (square) (see Fig. 1 7). 

[0142] An electric current of 1 50 mA/cm 2 was flowed across the electrodes 1 604 and 1 605 in an HF/H z O solution 
(HF:C 2 H 5 OH:H 2 0 = 1:1:6) and etching was carried out in an electropolishing mode to remove the silicon layers 1304 
is and 1305 and the whole of the porous layer 1303. lying on the periphery of the wafer 1 301 . Also, an electric current of 
8 mA/cm 2 was flowed across the electrodes 1604 and 1605 to carry out conventional anodizing to form a thin porous 
layer 1 309 at the surface of the silicon layer 1 304 in the region other than the periphery of the wafer 1 301 , in a thickness 
of 90 nm and as an anti-reflection layer (Fig. 12E). 

[0143] After the anodizing was completed, on the anti -reflection layer 1 309 an ITO transparent conductive film (not 
i shown) (82 nm) and a collector electrode 1310 (Ti/Pd/Ag: 400 nm/200 nm/1 urn) were formed by EB vacuum deposition 
to make up a solar cell previously. Thereafter, on one side of a Tefzel film 1306 of 80 urn thick, a transparent adhesive 
1307 was coated in a thickness of 10 to 30 urn, and this side was brought into close contact with the transparent con- 
ductive film/collector electrode surface to effect bonding (Fig. 1 2F). 

[0144] Upon sufficient hardening of the adhesive, the Tefzel film 1 306 and wafer 1301 brought into a bonded struc- 
25 ture were fastened with a vacuum chuck (not shown) on the tetter's side not bonded to the former, in the state of which 
force was made to act from one edge of the Tefzel film 1306. The flexibility of the Tefzel film was utilized and the both 
were slowly drawn off from an edge of the waler 1301 to effect separating. Thus, the silicon layers 1304 and 1305 were 
separated from the wafer 1 301 at the part of the porous layer 1303 and transferred onto the Tefzel film 1306 (Fig. 12G). 
Neither cracks nor breaks were seen on the periphery of the silicon layers thus separated. 
30 [0145] A porous layer 1303a remaining on the silicon layer 1304 separated from the polycrystalline silicon wafer 
1301 was selectivery etched with an aqueous KOH solution of 1% by weight in concentration with stirring. The silicon 
layer 1304 remained without being etched so much and the porous layer was completely removed. 
[0146] On the back of the silicon layer 1304 on the polyimide film, thus obtained, a p-type uc-Si layer was deposited 
in a thickness of 500 angstroms by plasma CVD under conditions shown in Table 7. Here, the ux-Si layer had a dark 
35 conductivity of -1 S/cm. 


Table 7 


Gas flow rate ratio 

SiH4/H 2 = 1 cc/20 cc B 2 H e /SiH 4 = 2.0x1 0* 3 

Substrate temperature 

250°C 

Pressure 

0.5 Torr 

Discharge power 

20 W 


45 

[0147] As a back electrode 1311, aluminum was also deposited in a thickness of 0.1 urn by sputtering, and a SUS 
stainless steel substrate (not shown) was further bonded as a supporting substrate via a conductive adhesive to obtain 
a solar cell (Fig. 12H). 

[0148] In regard to the thin-film polycrystalline silicon solar cell on Tefzel thus obtained, its l-V characteristics under 
50 irradiation by light of AM1.5 (100 mW/cm 2 ) were measured. As a result, open-circuit voltage was 0.59 V. short-circuit 
photoelectric current was 33.5 mA/cm 2 and fill factor was 0.78 at a cell area of 6 cm 2 , and an energy conversion effi- 
ciency of 1 5.4% was obtained. 

[0149] The porous layer remaining on the silicon wafer after separating was also removed by etching in the same 
manner as the above, and its surface was made flat (Fig. 121). Using the regenerated wafer thus obtained, the above 
55 steps were repeated to obtain a plurality of thin-film polycrystalline solar cells having high-quality semiconductor layers. 
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(Example 10) 
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[01 50] The present Example concerns production of a solar cell according to the process shown in Figs. 1 1 A to 1 1 1 
where a form in which the middle area of a disk has been hollowed out in square as shown in Rg. 18 and a form corre- 
sponding substantially to the hollowed-out square as shown in Fig. 19 are employed in the electrodes for removing the 
peripheral portion and the electrodes for forming the anti-reflection layer, respectively. 

[0151) Into the surface layer of asilicon wafer 1201 of B inches diameter, boron was thermally diffused in the same 
manner as in Examples 7 to 9, using BCI 3 as a thermal diffusion source at a temperature of 1,200°C to form a pMype 
layer to obtain a diffusion layer 1202 of about 3 *im thick (Rg. 1 1 A). This wafer whose surface layer 1202 became p 1 - 
type was subjected to anodizing in an aqueous HF/C 2 H 5 OH solution under conditions shown in Table 2 to form a porous 
layer 1 203 at the surlace of the wafer (Fig. 1 1 B). Here, the anodizing was carried out first at a low electric current of 6 
mA/cm for 1 0 minutes and thereafter, raising the level of electric current, an electric current was flowed at 30 mA/cm 2 
for 1 minute. The porous layer 1203 formed was in a layer thickness of about 13 urn in total. 

[0152] Next, on the surface of the porous silicon layer 1203, a silicon layer 1204 (single crystal) was formed in a 
layer thickness of about 30 jim by epitaxial growth carried out under conditions shown in Table 6, by means of a con- 
ventional thermal CVD system. Here, during the growth, zero-point-few ppm to few ppm of BjHe was added to make 
the grown silicon layer into pMype and also, at the final stage of the growth, the was increased to hundreds of 
ppm or more to form a palaver 1 205 in a thickness of 1 urn (Figs. 1 1 C. 1 1D). Here, the peripheral portion of the wafer 
was in such a state that the silicon layer 1204 covered the top of the porous layer 1203 like that shown in Fig. 3A. 
[01 53) The wafer 1201 with porous layer was set in the anodizing apparatus shown in Fig. 15, at its prescribed posi- 
tion such that the silicon layer 1205 faced negative electrodes 1604 and 1606 in the aqueous HF solution. Here, the 
negative electrodes 1604 and 1606 had substantially the same form as positive electrodes 1605 and 1607 respectively 
coming in contact with the back of the wafer 1201. The electrodes 1604 and 1605 were provided along the periphery of 
the wafer 1201 in the form of a disk the middle area of which had been hollowed out in square (see Fig 18) The elec- 
trodes 1606 and 1607 were provided inside the electrodes 1604 and 1605, respectively, in the region other than the 
periphery of the wafer 1201 in the form corresponding substantially to the hollowed-out square (see Fig. 19). 
[0154] An electric current of 150 mA/cm 2 was flowed across the electrodes 1604 and 1605 in an HF/H 2 0 solution 
(HF:C 2 H 5 OH:H 2 0 = 1 :1 :6) and etching was carried out in an electropolishing mode to remove the silicon layers 1204 
and 1 205 and the whole of the porous layer 1203, lying on the periphery of the wafer 1201 . Also, an electric current of 
6 mA/cm was flowed across the electrodes 1604 and 1605 to carry out conventional anodizing to form a thin porous 
layer 1 209 at the surface of the silicon layer 1 204 in the region other than the periphery of the wafer 1201 , in a thickness 
of 95 nm and as an anti-reflection layer (Fig. 1 1 E). 

[0155) On one side of a polyimide film 1206 of 50 urn thick, a silver paste 1207 was coated in a thickness of 10 to 
30 urn by screen printing, and this side was brought into close contact with the p+-type silicon layer 1 205 side to effect 
bonding. In this state, these were put in an oven, where the silver paste was burnt under conditions of 360°C for 20 min- 
utes and also the polyimide film 1206 and the silicon layer 1205 on the wafer 1 201 into firm bond (Fig 1 1 F) 
[0156] To the polyimide film 1206 and wafer 1201 brought into a bonded structure, an energy of ultrasonic waves 
was applied In a water bath. For example, upon Irradiation by ultrasonic waves of 25 kHz and 650 W, the silicon layers 
were separated from the wafer at the part of the porous layer. Thus, the silicon layers 1204 and 1205 of about 125 mm 
square were separated from the round wafer of 6 inches diameter and transferred onto the polyimide film 1206 (Fig. 
1 1G). Neither cracks nor breaks were seen on the periphery of the silicon layers thus separated. 

[0157] A porous layer 1203a remaining on the silicon layer 1204 separated from the wafer 1201 was selectiveV 
etched with a solution of HF/H 2 0 2 /H 2 0 mixture with stirring. The silicon layers remained without being etched and only 
the porous layer was completely removed. 

[0158] The surface of the silicon layer 1204 on the polyimide film, thus obtained, was lightly etched with a hydrofluo- 
ric acid/nitric acid type etchant to clean it, and thereafter on the silicon layer an n-type uc-Si layer was deposited in a 
th.ckness of 200 angstroms by means of a conventional plasma CVD system under conditions shown in Table 4 Here 
the u.c-Si layer had a dark conductivity of ~5 S/cm. 

[0159] Finally, on the uc.S. layer an ITO transparent conductive film 1209 (82 nm) and a collector electrode 1210 
(Ti/Pd/Ag: 400 nm/200 nm/1 pjn) were formed by EB vacuum deposition to make up a solar cell (Rg. 1 1H) 
[0160] In regard to the thin-film single -crystal silicon solar cell on polymide thus obtained, its l-V characteristics 
under irradiation by light of AMI .5 (100 mW/cm 2 ) were measured. As a result, open-circuit voltage was 0 60 V, short- 
circuit photoelectric current was 33 mA/cm 2 and fill factor was 0.79 at a cell area of 6 cm 2 , and an energy conversion 
efficiency of 15.6% was obtained. 

[0161] THe porous layer remaining on the silicon wafer after separating was also removed by etching in the same 
manner as the above, and its surface was made flat (Rg. 111). Using the regenerated wafer thus obtained, the above 
steps were repeated to obtain a plurality of thin-film single-crystal solar cells having high-quality semiconductor layers 
[0162] The present invention has specifically been described above by giving Examples. The present invention is 


18 



EP 1 059 663 A2 


by no means construed limitative by the foregoing Examples, and is modifiable in variety. For example, the foregoing 
description concerns production of solar cells by separating rectangular semiconductor layers from round-wafer type 
substrates, but the form of the electrodes for removing the peripheral portion and electrodes for forming the anti-reflec- 
tion layer can be set as desired, and hence semiconductor layers having any desired forms can be separated from sub- 
5 strates having any desired forms. 

[0163] In all the foregoing Examples, the porous layer is utilized as a separating layer, but a semiconductor member 
having a separating layer formed by providing a brittle portion in the interior of the wafer can also be treated in quite the 
same manner as the above, by, e.g., implanting H ions or He ions in the silicon wafer to make heat treatment. Stated 
specifically, for example, H ions are implanted into the surface portion of the crystal silicon substrate under conditions 

io of 20 keV and 5 x 1 0 16 cm 2 to form the brittle layer in a depth of 0. l urn from the silicon surface, and the silicon layer is 
formed thereon by thermal CVO in the same manner as in, e.g., Example 7. Thereafter, the removal of peripheral por- 
tion, the separating and so forth may be followed up likewise according to the steps of, e.g.. Figs. 10D to 10H. 
[0164] As having been described above, the present invention has made it possible to obtain in a good efficiency 
semiconductor members and thin-film crystal solar cells having less cracks or breaks and good characteristics- This 

15 has made it possible to provide in the market semiconductor members and solar cells having mass productivity and 
good quality. The present invention also has made it possible to form through simple steps thin-film crystal solar cells 
having good characteristics, making it possible to produce inexpensive solar cells. The present invention still also has 
made it possible to form with ease semiconductor members and thin-film crystal solar cells having any desired forms. 
[0165] In a process for producing a semiconductor member, and a solar cell, making use of a thin-film crystal sem- 
* iconductor layer, the process comprises the steps of: (1 ) anodizing the surface of a first substrate to form a porous layer 
at least on one side of the substrate, (2) forming a semiconductor layer at least on the surface of the porous layer, (3) 
removing the semiconductor layer at its peripheral region, (4) bonding a second substrate to the surface of the semi- 
conductor layer, (5) separating the semiconductor layer from the first substrate at the part of the porous layer, and (6) 
treating the surface of the first substrate after separation and repeating the above steps (1 ) to (5). 

25 [0166] This process enables separation of the thin-film semiconductor layer at a small force while causing less 
cracks, breaks or defects to be brought into it and can manufacture high-performance semiconductor members and 
solar cells in a good efficiency. 


Claims 

30 


35 


1 . A process for producing a semiconductor member making use of a thin-film crystal semiconductor layer, the proc- 
ess comprising the steps of: ' 

(1 ) anodizing the surface of a first substrate to form a porous layer at least on one side of the substrate; 

(2) forming a semiconductor layer at least on the surface of the porous layer; 

(3) removing the semiconductor layer at its peripheral region; 

(4) bonding a second substrate to the surface of the semiconductor layer; 

(5) separating the semiconductor layer from the first substrate at the part of the porous layer by applying an 
external force to at least one of the first substrate, the porous layer and the second substrate; and 

(6) treating the surface of the first substrate after separation and repeating the above steps (1) to (5). 

2. The process for producing a semiconductor member according to claim 1, wherein, in the step (3), the semicon- 
ductor layer at its peripheral region is removed together with the porous layer lying directly beneath that region. 

A process for producing a semiconductor member making use of a thin-film crystal semiconductor layer, the proc- 
ess comprising the steps of: 

(1 ) anodizing the surface of a first substrate to form a porous layer at least on one side of the substrate; 

(2) forming a semiconductor layer at least on the surface of the porous layer; 
so (3) bonding a second substrate to the semiconductor layer; 

(4) removing the semiconductor layer at its region not covered with the second substrate; 

(5) separating the semiconductor layer from the first substrate at the part of the porous layer by applying an 
external force to at least one of the first substrate, the porous layer and the second substrate; and 

(6) treating the surface of the first substrate after separation and repeating the above steps (1 ) to (5). 

4. The process for producing a semiconductor member according to claim 3, wherein, in the step (4), the semicon- 
ductor layer at hs region not covered with the second substrate is removed together with the porous layer ryinq 
directly beneath that region. 


45 3. 
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5. The process lor producing a semiconductor member according to claim 1 or 3, wherein the first substrate com- 
prises silicon. 

6. The process lor producing a semiconductor member according to claim 1 or 3, wherein the first substrate com- 
5 prises a single crystal. 

7. The process for producing a semiconductor member according to claim 1 or 3, wherein, in the step (2), a semicon- 
ductor junction is formed in the semiconductor layer. 

w 8. A process for producing a solar cell making use of a thin-film crystal semiconductor layer, the process comprising 
the steps of: 

(1) anodizing the surface of a first substrate to form a porous layer at least on one side of the substrate; 

(2) forming a semiconductor layer at least on the surface of the porous layer; 
'5 (3) removing the semiconductor layer at its peripheral region; 

(4) bonding a second substrate to the surface of the semiconductor layer; 

(5) separating the semiconductor layer from the first substrate at the part of the porous layer by applying an 
external force to at least one of the first substrate, the porous layer and the second substrate; and 

(6) treating the surface of the first substrate after separation and repeating the above steps (1) to (5). 

20 ■ ■ 

9. The process for producing a solar cell according to claim 8; wherein, in the step (3), the semiconductor layer at its 
peripheral region is removed together with the porous layer lying directly beneath that region. 

10. A process for producing a solar cell making use of a thin-film crystal semiconductor layer, the process comprising 
2S the steps of: * 

(1) anodizing the surface of a first substrate to form a porous layer at least on one side of the substrate; 

(2) forming a semiconductor layer at least on the surface of the porous layer; 

(3) bonding a second substrate to the semiconductor layer; 

30 (4) removing the semiconductor layer at its region not covered with the second substrate; 

(5) separating the semiconductor layer from the first substrate at the part of the porous layer by applying an 
external force to at least one of the first substrate, theporous layer and the second substrate; and 

(6) treating the surface of the first substrate after separation and repeating the above steps (1 ) to (5). 

35 11. The process for producing a solar cell according to claim 10, wherein, in the step (4), the semiconductor layer at its 
region not covered with the second substrate is removed together with the porous layer lying directly beneath that 
region. 

12. The process for producing a solar cell according to claim 8 or 10, wherein the first substrate comprises silicon. 

40 

13. The process lor producing a solar cell according to claim 8 or 10, wherein the first substrate comprises a single 
crystal. 

1 4. The process for producing a solar cell according to claim 8 or 1 0, wherein, in the step (2), a semiconductor junction 
45 is formed in the semiconductor layer. . 

15. A process for producing a semiconductor member obtained by separating a thin-film crystal semiconductor layer 
formed on a first substrate to transfer the former to a second substrate, wherein the thin-film crystal semiconductor 
layer is removed by etching by electropolishing at its part on the periphery of the first substrate. 

50 

1 6. The process for producing a semiconductor member according to claim 1 5, wherein a separating layer lies between 
the first substrate and the thin-film crystal semiconductor layer, and only the thin -film crystal semiconductor layer, 
only the separating layer or both the thin-film crystal semiconductor layer and the separating layer is/are removed 
at its/their part on the periphery of the first substrate. 

55 

1 7. The process for producing a semiconductor member according to claim 1 6. wherein the separating layer comprises 
a porous layer. 
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.18. The process tor producing a semiconductor member according to claim 16, wherein the separating layer comprises 
two or mce porous layers. 

19. The process *or o'oajanq a semiconductor member according to claim 16. wherein the separating layer is formed 
5 by ion rnpiantaion 

20. A process lor producing a semconductor member making use of a thin-film crystal semiconductor layer, the proc- 
ess comprising tr** steps ol 

10 (1 ) anodc«n 3 in? surface of a first substrate at least on its principal-surface side to form a porous layer; 

(2) forming a scm conductor layer on the surface of the porous layer; 

(3) removing, i He s** "conductor layer at its part on the periphery of the first substrate by electropolishing; 

(4) bondmg a Mrcono suosirate to the surface of the semiconductor layer; 

(5) separating -r>c ie'nconductor layer from the first substrate at the part of the porous layer to transfer the 
15 semiconductor iwyer lo me second substrate- and 

(6) treoting mc surtocc cf the trst substrate after separation and repeating the above steps (1) to (5). 

21. The process tor prcouong a semiconductor member according to claim 20. wherein, in the step (3), the semicon- 
ductor layer at its p*r^ne-ai aoriion is removed together with the porous layer lying directly beneath that portion. 

22. The process for prr rising a semiconductor member according to claim 20. wherein the first substrate comprises 
silicon. 

23. The process for producing a semconductor member according to claim 20, wherein the first substrate comprises 
25 a single crystal. 

24. The process for producing a semiconductor member according to claim 20, wherein, in the step (2), a semiconduc- 
tor junction is formed tn the semiconductor layer. 

30 25. The process for producing a semiconductor member according to claim 20, which further comprises, between the 
steps (5) and (6). the step of forming a semiconductor junction on the surface of the semiconductor layer.having 
been transferred to me second substrate. 

26. The process for producing a semiconductor member according to claim 20, wherein the second substrate com- 
as prises a flexible film, and lorce that acts in the direction where the film is separated from the first substrate is applied 

to the film to separate me semiconductor layer at the part ot the porous layer. 

27. The process for producing a semiconductor member according to claim 26, wherein the second film comprises a 
resinous film. 

j 

28. A process for producing a solar cell obtained by separating a thin-film crystal semiconductor layer formed on a first 
substrate to transfer the former to a second substrate, wherein the thin-film crystal semiconductor layer is removed 
by etching by electropolishing at its part on the periphery of the first substrate. 

45 29. The process for producing a solar cell according to claim 28, wherein a separating layer lies between the first sub- 
strate and me thin -film crystal semconductor layer. 

30. The process for producing a solar cell according to claim 29, wherein me separating layer comprises a porous layer. 

so 31 . The process for producing a solar cell according to claim 29, wherein the separating layer comprises two or more 
porous layers. 

32. The process for producing a solar cell according to claim 29, wherein me separating layer Is formed by Ion implan- 
tation. 


55 


33. A process for producing a solar cell making use of a thin-film crystal semiconductor layer, the process comprising 
the steps of: 
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(1) anodizing the surface of a first substrate at least on its principal-surface side to form a porous layer; 

(2) forming a semiconductor layer on the surface of the porous layer; 

(3) removing the semiconductor layer and the porous layer at their part on the periphery of the first substrate 
by electropolishing; 

5 (4) forming a surface anti-reflection layer on the surface of the semiconductor layer at its part other than that 

on the periphery of the first substrate; 

(5) bonding a second substrate to the surface of the semiconductor layer; 

(6) separating the semiconductor layer from the first substrate at the part of the porous layer to transfer the 
semiconductor layer to the second substrate; and 

io (7) treating the surface of the first substrate after separation and repeating the above steps (1) to (6). 

34. The process for producing a solar cell according to claim 33, wherein, in the step (3), the semiconductor layer at its 
peripheral portion is removed together with the porous layer lying directly beneath that portion. 

is 35. The process for producing a solar cell according to claim 33, wherein the first substrate comprises silicon. 

36. The process for producing a solar cell according to claim 33, wherein the first substrate comprises a single crystal. 

37. The process for producing a solar cell according to claim 33, wherein the step of removing the semiconductor layer 
20 and porous layer at their part on the periphery of the first substrate and the step of forming a surface anti- reflection 

layer on the surface of the semiconductor layer at its part other than that oh the periphery of the first substrate are 
carried out simultaneously. 

38. The process for producing a solar cell according to claim 33. wherein the step of removing the semiconductor layer 
25 and porous layer at their part on the periphery of the first substrate and the step of forming a surface anti-reflection 

layer on the surface of the semiconductor layer at its part other than that on the periphery of the first substrate are 
carried in the same anodizing bath. 

39. The process for producing a solar cell according to claim 33, wherein, in the step (2), a semiconductor junction is 
30 formed in the semiconductor layer. 

40. The process for producing a solar cell according to claim 33, which further comprises, between the steps (6) and 
(7), the step of forming a semiconductor junction on the surface of the semiconductor layer having been transferred 
to the second substrate. 

35 ' 

41 . The process for producing a solar cell according to claim 33, wherein the second substrate comprises a flexible 
film, and force that acts in the direction where the film is separated from the first substrate is applied to the film to 
separate the semiconductor layer at the part of the porous layer. 

40 42. The process for producing a solar cell according to claim 41, wherein the second film comprises a resinous film. 

43. An anodizing apparatus comprising, at the peripheral portion of a substrate to be subjected to anodizing, a first 
electrode coming in contact with the back side of the substrate and a second electrode facing the first electrode, 
interposing the substrate between them; the first electrode having substantially the same form as the second elec- 

45 trode. 

44. The anodizing apparatus according to daim 43, wherein the first and second electrodes each have the form of a 
bertlike ring or a beltlike polygon. 

so 45. The anodizing apparatus according to claim 43, wherein the second electrode comprises platinum. 

46. An anodizing apparatus comprising, at the peripheral portion of a substrate to be subjected to anodizing, a first' 
electrode coming in contact with the back side of the substrate and a second electrode facing the first electrode, 
interposing the substrate between them, and, In the remaining substrate region excluding the peripheral portion, a 
55 third electrode coming in contact with the back side of the substrate and a fourth electrode facing the third elec- 
trode, interposing the substrate between them; the first electrode and third electrode having substantially the same 
form as the second electrode and fourth electrode, respectively. 
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47. The anodizing apparatus according to daim 46 t wherein the first and second electrodes each have the form of a 
bettlike ring or a beltlike polygon. 

48. The anodizing apparatus according to claim 46, wherein the third and fourth electrodes each have the form of a 
5 disk or a polygon. 

49. The anodizing apparatus according to claim 46. wherein the distance between the first and second electrodes is 
shorter than the distance between the third and fourth electrodes. 

io 50. The process for producing a semiconductor member according to claim 1 5. wherein the thin-film crystal semicon- 
ductor layer is separated in a desired form by electropolishing etching. 

51. The process for producing a solar cell according to claim 28, wherein the thin-film crystal semiconductor layer is 
separated in a desired form by electropolishing etching. 
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FIG. 12A 
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